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Intrinsic heavy quarks in hadrons emerge from the non-perturbative structure of a hadron bound state [1] and are a rigorous prediction of QCD [2, 3] . Lattice QCD calculations also indicate a significant intrinsic charm probability [4, 5] . Since the light-front momentum distribution of the Fock states is maximal at equal rapidity, intrinsic heavy quarks carry significant fractions of the momentum. The presence of Fock states with intrinsic strange, charm, or bottom quarks in hadrons lead to an array of novel physics phenomena [6] . Accurate determinations of the heavy-quark distribution functions in the proton are needed to interpret LHC measurements as probes of physics beyond the Standard Model [7, 8] . Determinations [7, 9, 10] of the momentum fraction carried by intrinsic charm quarks in the proton typically limit x IC ∼ O(1%) at 90% CL, consistent with the analysis of the EMC measurements of the charm structure function [11] and the large rate for high-p Tp p → cγX reactions at the Tevatron [12] ; however, a precise determination of x IC has proved elusive. The letter by P. Jimenez-Delgado, T. J. Hobbs, J. T. Londergan, and W. Melnitchouk (JDHLM) [13] is the most recent of such analyses, and it finds a much more severe limit on intrinsic charm x IC ∼ O(0.1%) than the previous such study [7] . JDHLM input different shapes for the intrinsic charm contributions but allow the overall normalization to vary. They include low-energy data from the 1991 single-arm ed (p) → e ′ X SLAC experiment [14] in their global fit. Ref. [7] did not use the SLAC data and came to much weaker conclusions. Nevertheless, we believe the very stringent conclusions of JDHLM are in error.
JDHLM assess their PDF errors using a tolerance criteria of ∆χ 2 = 1 at 1σ; however, the actual value of ∆χ 2 to be employed depends on the number of parameters to be simultaneously determined in the fit. This is illustrated in Table 38 .2 of Ref. [15] and is used broadly, noting, e.g., Refs. [16] [17] [18] [19] . Ref. [7] employs the CT10 PDF analysis [20] , so that it contains 25 parameters, plus one for intrinsic charm. Figure 38 .2 of Ref. [15] then shows that ∆χ 2 ≈ 29 at 1σ (68% CL), whereas ∆χ 2 ≈ 36 at 90% CL. Ref. [7] uses the criterion ∆χ 2 > 100, determined on empirical grounds, to indicate a poor fit. JDHLM employs the framework of Ref. [21] which contains 25 parameters for the PDFs and 12 for the higher-twist contributions, so that a much larger tolerance than ∆χ 2 = 1 is warranted. JDHLM find that the SLAC data (on d and p targets) give the strongest constraints on intrinsic charm, although, by their count, only 157 of 1021 data points have W 2 in excess of the charm hadronic threshold:
c , but this is not relevant for the detection of intrinsic charm -if x < 1, leptons can only scatter off charm quarks when the kinematics permit the formation of charmed hadrons in the final state.] It is possible that JDHLM's strong rejection of the intrinsic charm hypothesis is driven by sharpened constraints on the non-charm PDFs. However, for the SLAC data set, the theoretical model which is constrained is that of the intrinsic charm PDF combined with the treatment of uncertain higher-twist and threshold corrections. Thus a global analysis cannot reject intrinsic charm per se, but rather only the particular model in which it is embedded.
We also note that JDHLM exclude the EMC data -which indicate significant intrinsic charm -citing a "goodness of fit" criterion. Statistical criteria alone cannot allow the exclusion of data sets, as here with the EMC data; additional corrections, however, may exist through their use of an iron target [22, 23] .
Finally, we note that the SLAC measurements of ed (p) → e ′ X, which only detects the scattered electron, has an overall normalization (systematic) error of ± 1.7 (2.1)%, and a relative normalization error of typically ±1.1% [14] . The SLAC data points in the W 2 > 16 GeV 2 and x > 0.1 regime where intrinsic charm could be directly relevant have even larger statistical uncertainties. Thus it seems implausible that the SLAC data can yield the severe contraint claimed.
JDHLM claim that the momentum fraction carried by intrinsic charm is x IC < 0.1% at the 5σ level, and they note in their final summary that x IC ≤ 0.5% at 4σ. We find neither conclusion is warranted.
We thank B. Plaster for a cross-check of Fig. 38 .2 in Ref. [15] and B. Plaster, A. Deur, P. Hoyer, C. Lorcé, J. Pumplin, and R. Vogt for helpful remarks. We acknowledge support from the U.S. Department of Energy under contracts DE-AC02-76SF00515 and DE-FG02-96ER40989.
